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INTRODUCTION

Trypanosoma cruzi, the hemoflagellate protozoan that
causes Chagas' disease, is an important cause of heart
disease in Latin America (5). Approximately 10 to 20 million
individuals are infected with this parasite, and 50,000 deaths
annually are associated with the infection (74, 90). Chagas'
disease has been found from the United States-Mexico
border to Argentina and Chile. Despite the fact that T. cruzi
has been found in insect vectors, dogs, and wild mammals in
the southern part of the United States (22, 279, 281),
autochthonous human cases have been reported rarely in the
United States (176). In areas where the disease is endemic, it
is most common among the rural poor, who live in an
environment with many feral reservoir hosts. Although
control programs directed at decreasing transmission of T.
cruzi to humans by reducing vector populations have been
successful in some areas of Latin America (2, 66), effective
control measures are lacking in most regions of endemicity.
A vaccine for preventing transmission of T. cruzi has not
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been developed despite considerable experimental work
(123), and no chemoprophylactic drug is available.

Natural transmission of T. cruzi to humans is associated
with the bite of the reduviid bug, which deposits excreta
containing infectious metacyclic trypomastigotes that then
contaminate the bite site and mucosal surfaces. Transmis-
sion via blood transfusion is common in areas of endemicity
(234) and has been reported in the United States and Canada
(97, 125, 177). Chronic symptomatic cases of Chagas' dis-
ease have become evident as thousands of immigrants from
South and Central America have moved to North America
(127, 129). Congenital disease associated with premature
birth, abortion, and placentitis has been reported from many
areas of South America (18, 26). Breast feeding, organ
transplantation, and laboratory accidents are less important
modes of transmission (30, 90, 110).

LIFE CYCLE AND BIOLOGY

Biochemistry of Differentiation
In the complex life cycle of T. cruzi, at least three

morphogenetic forms of the parasite can be recognized (Fig.
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FIG. 1. Life cycle of T. cnuzi. The parasites multiply as epimastigotes in the midgut of the insect vector. After transformation into

metacyclic trypomastigotes, the organisms are deposited with the feces of the vector and infect mammalian cells in mucosal surfaces,
conjunctiva, or breaks in the skin. Once inside the host cells, the parasites transform into amastigotes and, after several cycles of
multiplication, transform again into bloodstream amastigotes, which are morphologically similar to the trypomastigotes present in insect
feces. The host cell then ruptures, releasing the parasites into adjacent tissues and the circulation. The cycle is completed when circulating
trypomastigotes are ingested in a blood meal taken by another insect vector and transform to epimastigotes in its midgut. The vertical arrow
indicates the point at which the cycle could be broken by chemoprophylaxis or vaccination, neither of which has been developed yet. The
short arrows indicate other points of intervention. Reprinted from reference 126 with the permission of Springer-Verlag.

1). Trypomastigotes (Fig. 2) (extracellular nondividing
forms) and amastigotes (intracellular replicative forms) are
found in mammalian hosts, whereas epimastigote forms
divide in the midgut of reduviids. After the insect vector
takes a blood meal containing trypomastigotes, the parasites
transform into epimastigotes and multiply in the insect
midgut. After 3 to 4 weeks, infective metacyclic trypo-
mastigotes are present in the hindgut of the vector. The
trypomastigotes are deposited during subsequent blood
meals and may then enter new mammalian hosts. Trypo-
mastigotes may be phagocytized by macrophages or may
directly penetrate cells, where they transform into intracel-
lular amastigotes.
Much of the information regarding metacyclogenesis has

been obtained by using an in vitro culture system. Epi-
mastigotes are inoculated into LIT medium (containing liver
extract, various concentrations of fetal calf serum, tryptose,
and hemin at 26°C) (256), and, depending on the strain of T.
cnrzi used, various percentages of epimastigotes become
metacyclic trypomastigotes. Several reports described a
chemically defined synthetic medium, triatome insect urine,
which contains buffer salts and a high concentration of
L-proline (51). In this medium, high yields of metacyclic
trypomastigotes can be obtained routinely. However, as
with other media, the degree of transformation varies with

the strain of T. cnrzi. Regardless of the method used to
induce metacyclogenesis, it appears necessary for the epi-
mastigotes to be late in the exponential growth phase and to
be present in medium depleted of nutrients.

In both the insect gut and defined medium, epimastigotes
must adhere to the epithelium or substrate before they can
undergo differentiation (28). However, adherence does not
seem to be necessary for metacyclogenesis in LIT. Thus,
adherence is not an absolute requirement for differentiation.
Interestingly, it has been shown that metacyclogenesis is
inhibited when GP-72 (a heavily glycosylated surface glyco-
protein of epimastigotes and metacyclic trypomastigotes)
reacts with a monoclonal antibody directed against this
protein (236). These studies suggest that lectins present on
cells of the reduviid gut may interact with GP-72, thus
facilitating parasite surface adherence (193). The finding that
cyclic AMP (cAMP) levels are significantly higher in trypo-
mastigotes than in epimastigotes suggests that cAMP or its
analogs stimulate metacyclogenesis (96, 205). In this parasite
and in other systems, changes in cAMP levels are correlated
with activation of protein kinases (111), gene transcription
(106), and alterations in the cytoskeleton (62). How these
affect metacyclogenesis remains to be determined.
Other important pathways in T. cnuzi differentiation may

include the many cell surface antigens that have been
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FIG. 2. Trypomastigotes in the peripheral blood. Reprinted with permission of the Armed Forces Institute of Pathology.

identified by monoclonal antibodies. Prominent among these
various surface antigens are glycoproteins. Several of these
glycoproteins are anchored to the surface membrane by a
glycosyl-phosphatidylinositol linkage (108, 144, 233) that has
been shown to be sensitive to the action of phospholipase C
in a specific manner (12).
The sensitivity of the differentiation process to external

stimuli has stimulated interest in signal transduction path-
ways in the parasite per se. Thus, the demonstration of
differentiation-specific fluctuations in the cAMP level has
resulted in an analysis of the modulation of adenylate
cyclase activity as well as the metabolism of cAMP. Tellez-
Inon et al. (268) have demonstrated the presence of a
calmodulin-regulated cAMP-dependent phosphodiesterase.
In related work with a calmodulin gel overlay procedure, the
existence of stage-specific calmodulin-binding proteins in
this parasite has been demonstrated (185). Their functional
significance is under active investigation.
G proteins are guanine nucleotide-binding heterotrimeric

proteins consisting of alpha, beta, and gamma subunits.
They serve as coupling units between membrane-bound
receptors and effector units such as adenylate cyclase or
phospholipase C. There are reports that G proteins, with
characteristics similar to those of proteins known to partic-
ipate in hormonally regulated signal transduction systems in
higher eukaryotes, are present in T. cruzi (72). However, it
has not been established that these G proteins participate in
an identical manner in this parasite. Another potential sec-
ond messenger in this parasite is calcium. Cytosolic calcium
concentrations ranging from 60 to 150 nM are maintained
despite extracellular calcium concentrations of 5 mM (188).
The presence of active sequestration processes in the endo-
plasmic reticulum and mitochondria with similarities to
processes observed in higher eukaryotic organisms has been
documented (275). The relationship of calcium to the re-
cently described inositol phosphate-diacylglycerol pathway
and its possible role in differentiation remain to be elucidated
(68).

Biochemistry of Invasion

In addition to the interest in the biochemistry of parasite
differentiation, there has been an increasing focus on the
invasion process. Trypomastigotes are refractory to comple-
ment-mediated lysis, whereas epimastigotes activate the
alternate complement pathway. The mechanism of the resis-
tance of trypomastigotes to complement is unclear, and
several different mechanisms have been proposed (104, 114,
115, 235). Amastigotes activate complement but are not
lysed. Trypomastigotes bind small amounts of C3 but can
infect cells that do not have receptors for C3 fragments.
Other host cell surface molecules may be important in the
process of entry. In this regard, it has been suggested that
fibronectin increases the internalization of trypomastigotes
in both phagocytic and nonphagocytic cells (53) and may act
as a bridge to facilitate the attachment of the parasite to the
target host cell (104).
Host cell entry by the parasite is a complex process

involving a variety of factors (216). Schenkman et al. (229)
have shown that trypomastigotes enter cells in a polarized
manner preferentially along the basolateral membrane,
where fibronectin and host cell receptors are concentrated.
Invasion is an active process associated with factors such as
parasite energy and host cell protein synthesis (232). Parasite
phospholipase A2 has also been implicated in this process
(49). A T. cruzi trans-sialidase has been shown to facilitate
the generation of a trypomastigote-specific epitope, Ssp-3,
that is required for invasion (231). Recently, Ortega-Barria
and Pereira have found a 60-kDa T. cruzi surface protein
(penetrin) that promotes adhesion and invasion into host
cells (186).
The entry of trypomastigotes into host cells has not been

reported to be associated with a respiratory burst, suggesting
that nonoxidative intracellular mechanisms may be impor-
tant in limiting intracellular infection (151). Within the par-
asitophorous vacuole, parasites may be killed by cytocidal
mechanisms such as production of hydrogen peroxide. This
process may be associated with lysosomal fusion (247, 256).
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The participation of nitric oxide in the intracellular killing of
this parasite has recently been reported (174).
Trypomastigotes and amastigotes synthesize a hemolytic

protein that is optimally active at acid pH and is capable of
lysing the membrane of the parasitophorous vacuole (11).
Liberated organisms are now left free to lie in the host cell
cytoplasm and multiply by binary fission. Host cells dis-
tended with organisms rupture and release amastigotes and
trypomastigotes, both of which may infect adjacent or dis-
tant uninfected cells. Rosenberg et al. (222) have suggested
that neuraminidase associated with intracellular trypo-
mastigotes may play a role in the exit of parasites from host
cells. Trypomastigotes also enter the bloodstream and infect
distant tissues. Although no tissue is spared from infection,
strains may vary in tropism (29); the reticuloendothelial and
nervous systems (especially the autonomic ganglia) and
striated and cardiac muscles seem to be particularly vulner-
able.

ACUTE CLINICAL CHAGAS' DISEASE

At the site of parasite entry, an inflammatory lesion,
known as a chagoma, may develop. The inflammatory
process spreads regionally, and focal lymphadenopathy may
be evident. Asynchronous cycles of parasite multiplication,
cell destruction, and reinfection occur within cells of the
reticuloendothelial system. Most persons with acute Chagas'
disease have only mild symptoms. However, children and,
less frequently, adults may develop severe symptoms after
an incubation period of 7 to 14 days. These symptoms
include unilateral painless periorbital edema (Romafia's sign)
and conjunctivitis. Other manifestations may include fever,
lymphadenopathy, hepatosplenomegaly, nausea, vomiting,
diarrhea, rash, anorexia, lassitude, and meningeal irritation.
A small number of patients with acute Chagas' disease

develop severe myocarditis. Foci of myocytolytic necrosis,
degeneration accompanied by inflammatory cells, and para-
sitism of the myofibers may be evident. A mixed inflamma-
tory exudate with polymorphonuclear leukocytes, mononu-
clear cells, and pseudocysts containing amastigotes can be
found interspersed among the degenerating fibers. In the
mouse model, eosinophils have also been demonstrated
(159), but their relevance to human disease is unclear.

Myocarditis may be clinically evident and may include
tachycardia, congestive heart failure, and cardiomegaly
(206, 215, 237). In some patients, the electrocardiogram
(ECG) may reveal prolongation of the P-R interval, nonspe-
cific T-wave changes, and low voltage. The appearance of
arrhythmias, heart block, or progressive congestive heart
failure during the early phase of acute Chagas' disease is an
indicator of a poor prognosis. The presence or severity of
acute myocarditis may not be related to the subsequent
development of chronic chagasic cardiomyopathy, but this
has not been studied prospectively.
Trypomastigotes are found in the peripheral blood and

also in the cerebrospinal fluid in patients with acute infection
(109). Anemia, thrombocytopenia, leukocytosis with a lym-
phocyte predominance, abnormal liver function, and ele-
vated cardiac enzyme levels are among the common labora-
tory abnormalities reported.
A small percentage of individuals with acute disease die of

complications associated with acute myocarditis or menin-
goencephalitis. However, exact numbers are difficult to
obtain. It is important to note that most patients with acute
disease recover completely within 3 to 4 months and that
most are unaware of having an acute illness. In those who

die during the acute phase, amastigotes are easily demon-
strated in cardiac, skeletal, and smooth muscle cells as well
as glial cells.

PATHOGENESIS OF THE ACUTE INFECTION:
EXPERIMENTAL CONSIDERATIONS

Animal Studies
In experimental disease, several biochemical alterations of

the myocardium have been reported to be related to the
development of chronic cardiomyopathy. For example, re-
ductions in the levels of choline acetyltransferase (250),
acetylcholine (146), norepinephrine (147), and the 1-adren-
ergic adenylate cyclase complex (164, 168) of cardiac tissue
have been reported in animal models. In many instances,
biochemical abnormalities precede morphological changes.
Some morphological changes during acute infection may

have implications for the pathogenesis of chronic chagasic
cardiomyopathy. For example, the destruction of autonomic
ganglia may have profound implications not only for the
development of heart disease but also for gastrointestinal
involvement. In addition, we have shown that during acute
murine disease, endothelial cells lining the coronary vascu-
lature are infected and may be associated with focal alter-
ations in the coronary microvasculature, increased platelet
aggregation, and adherence (249).

In Vitro Studies
During acute infection, pathological damage is correlated

with the presence of parasites. In this regard, the effect of
infection on muscle cell function has been studied. It has
been shown that in infected myoblasts there is a reduction in
the amount of muscle-specific mRNAs (myosin heavy chain
and a-actin) which is associated with inhibition of differen-
tiation to myotubes (224).
Another aspect of cell metabolism that is disrupted by

infection is the response of a cell to external stimuli, includ-
ing signal transduction mechanisms. Infection is associated
with alterations in G protein-mediated functions. In this
regard, perturbations in the generation of cAMP in myo-
blasts (166) and endothelial cells (169) have been demon-
strated. In addition, the generation of cAMP in response to
hormonal stimulation is significantly reduced in infected
cells by virtue of an increase in endogenous phosphodiester-
ase. There are also infection-associated changes in the
intracellular mobilization of calcium (165, 167) and the
production of prostacyclin (249). Infection-associated per-
turbations in endothelial-cell signal transduction mecha-
nisms may contribute to focal abnormalities, which may
include the coronary microvascular spasm reported in acute
murine infection (75). The focal pathological changes seen in
human Chagas' cardiomyopathy have led to speculation that
these are also partially due to coronary microvascular spasm
(223).

In vitro biochemical studies have demonstrated that T.
cruzi infection-associated perturbations are not related to the
percentage of parasitism in the culture. To explore the effect
of host cell infection on adjacent uninfected cells, the
influence of the extracellular matrix (ECM) was studied.
Infection of endothelial cell cultures alters their synthetic
capabilities. For example, sulfation of glycosaminoglycan
side chains of heparan sulfate proteoglycans deposited in the
ECM of endothelial cells was increased after infection (171).
Further, when uninfected endothelial cells were grown on
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the ECM deposited by infected endothelial cells, the unin-
fected endothelial cells produced ECM identical to that
synthesized by infected endothelial cells, suggesting that the
signals responsible for directing the synthesis of this altered
proteoglycan resided in the ECM. These studies provide a
basis for the notion that a few infected cells can influence
larger numbers of uninfected cells in a cumulative response
via the ECM (171).
To investigate further the influence of infected host cells

on uninfected cells, the involvement of host cell gap junc-
tions was studied. T. cruzi infection of rat neonatal cardio-
cytes altered the spread of the contractile wave. This obser-
vation was associated with reduced gap junction abundance
and function as determined by various parameters such as
dye coupling, junctional conductance, and immunocyto-
chemical studies (39). More recently, decreased concentra-
tions of gap junction protein in infected murine hearts have
been demonstrated (unpublished observations). These alter-
ations in intercellular communication may provide a cellular
basis for the conduction disorders associated with Chagas'
disease.

Immune Mechanisms

Immune mechanisms may participate in the pathogenesis
of Chagas' disease. The immunology of this infection in both
animal models and humans has been studied extensively
over the past two decades. There is evidence from the mouse
model that both humoral and cell-mediated components of
the immune system are important in host resistance, as is the
genetic background (124). A recent development is the work
by Tarleton et al. (259, 261) regarding the role of CD8+ T
cells in the pathogenesis of this infection. Infected mice
depleted of CD8+ cells by antibody treatment and 12-
microglobulin-deficient mice, which lack mature CD8+ T
cells, experience high parasitemia and early death. Addition-
ally, parasitized tissues lack an inflammatory response.
Since the development of natural killer cells is also impaired
in 32-microglobulin-deficient mice, more precise delineation
of the cell types involved in these observations awaits
further experiments. In this regard it is of interest that Ben
Younes-Chennoufi et al. (23) have shown that most of the T
cells infiltrating the heart in the course of experimental
infection are CD4+ T cells.

In recent years, the role of cytokines in the pathogenesis
of T. cruzi infections has been the subject of intense inves-
tigation. Both humoral and cellular immunities are sup-
pressed in experimental infections, and altered interleukin 2
(IL-2) concentrations are associated with this immunosup-
pressed state (257, 262, 263). Furthermore, it has been
suggested that IL-2 may participate in disease-related au-
toimmune phenomena in mice (262). In addition, tumor
necrosis factor alpha, IL-5, and gamma interferon (IFN-y)
levels may be elevated during acute murine infection and
may contribute to the pathogenesis of the disease (258, 260).
More recently, T. cruzi-infected human peripheral blood
monocytes and endothelial cells have been shown to synthe-
size increased levels of IL-13 and IL-6 (252, 273). Increased
levels of IL-1, tumor necrosis factor, and IL-6 were reported
to cause alterations in human endothelial cell function such
as leukocyte recruitment (25), coagulation (92, 175), and
smooth muscle proliferation (139), which may have impor-
tant implications for the pathogenesis of Chagas' disease.

IFN--y and granulocyte-macrophage colony-stimulating
factor have been reported to ameliorate the consequences of
experimental murine T. cruzi infections (207, 208). With

these experimental results in mind, two patients with acute
Chagas' disease have been treated with IFN--y as adjunct
therapy to nifurtimox treatment (97, 252). A possible bio-
chemical mechanism by which these cytokines exert protec-
tive effects during infection is suggested by recent results
showing that cytokines such as IFN-y (95, 207, 238, 282)
enhance intracellular killing of T. cruzi both in vitro and in
the murine model.

Parasite Biochemistry

The biochemistry of the parasite itself may contribute to
the pathogenesis of the disease. In this regard it has recently
been reported that trypanosomes contain a variety of en-
zymes such as proteases, gelatinases, and collagenases that
are capable of degrading native type I collagen, heat-dena-
tured type I collagen (gelatin), and native type IV collagen
(42, 78, 98). Proteolytic activities against laminin and fi-
bronectin were also detected. These enzymes may play an
important role in the degradation of the ECM and the
subsequent tissue invasion by the parasite. It has been
proposed that degradation of the collagen matrix, evident in
acute murine Chagas' disease, may result in chronic patho-
logic changes such as apical thinning (77, 182). Finally,
supernatants obtained from cultures of infected fibroblasts,
vascular smooth muscle cells, and myocardial cells were
found to stimulate fibroblast DNA and protein synthesis as
well as proliferation, whereas supernatants from uninfected
cells did not. This suggests a mechanism by which fibrosis
may occur in chronic chagasic cardiomyopathy (284).

Other parasite enzymes may cause cell and tissue damage.
For example, trypomastigotes elaborate a developmentally
regulated neuraminidase (192, 193) that removes sialic acid
from the surface of cardiac and endothelial cells (138). The
loss of sialic acid from cardiocytes alters intracellular cal-
cium homeostasis and ultimately myocardial function (83).
The relationship between this enzyme and T. cruzi trans-
sialidase has recently been investigated (230).

T. cruzi neuraminidase is inhibited by anti-neuraminidase
antibodies and high-density lipoprotein, which is associated
with enhanced infectivity of cells in vitro (202, 203). The
significance of these observations in the pathogenesis of
Chagas' disease is unclear. However, it is noteworthy that
mice with higher levels of high-density lipoprotein are more
susceptible to T. cruzi infection (202). The relationship
between the synthesis of these parasite enzymes and the
pathogenesis of the disease remains to be elucidated.

CHRONIC CHAGAS' CARDIOMYOPATHY: CLINICAL
AND PATHOLOGICAL ASPECTS

Chronic Chagas' disease may present with arrhythmias,
thromboembolic events (181), or congestive heart failure.
Dilated congestive cardiomyopathy is an important manifes-
tation of chronic Chagas' disease that occurs years after
acute infection. Apical aneurysm is usually found in the left
ventricle (182) (Fig. 3 and 4).

Myocardial infarction has been reported (64) and is
thought to be due to embolization from a left apical aneu-
rysm. Arteriosclerosis and necrotizing arteriolitis have been
described (178, 179, 270). Most cases of myocardial infarc-
tion occur in the presence of normal coronary arteries (24,
149). Vasculitis of the coronary microvasculature occurs in a
canine model of Chagas' disease (21).

Chronic Chagas' disease may be accompanied by myone-
crosis, myocytolysis, and contraction band necrosis. Focal
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FIG. 3. Chest X ray of a patient with Chagas' cardiomyopathy.
Note the cardiomegaly and pulmonary vascular congestion and an
epicardial pacemaker.

and diffuse areas of myocellular hypertrophy with or without
inflammatory infiltrates may be seen. In addition, focal
fibrosis replacing previously damaged myocardial tissue is
evident. It has been reported (7) that collagenolysis and
invasion by macrophages may be evident. All areas of the
heart, including the conduction pathways, may be damaged
(9), resulting in conduction disturbances (10); microvascular
involvement has been demonstrated (79).

Clinical Studies

The electrophysiological, echocardiographic, and angio-
graphic alterations that accompany chronic Chagas' disease
have been extensively studied (105, 136, 221). Destruction of
conduction tissue results in atrioventricular and intraventric-
ular conduction abnormalities. In areas where the disease is
endemic, the presence of right bundle branch block associ-
ated with an anterior fascicular block is suggestive of car-
diomyopathy. Extrasystoles and first-degree heart block are
common, whereas atrial fibrillation and left bundle branch
block are reported to be uncommon. However, a recent
study suggests that atrial fibrillation may be more common
than was previously appreciated (103). Conduction defects
may necessitate the placement of a pacemaker (45).

Zicker et al. (285) have shown that asymptomatic seropos-
itive individuals have a much higher prevalence of ECG
abnormalities than do uninfected persons. The progressive
development of ECG abnormalities, notably right bundle
branch block and left anterior hemiblock, was demonstrated
in a prospective study of 1,051 persons in an area of
endemicity in Brazil (148). The results of that study sug-
gested that in seropositive individuals with right bundle
branch block occurring in combination with anterior fascic-
ular block or ventricular extrasystoles, the mortality rate
was significantly higher than in seropositive persons with
normal ECGs. Sinus node dysfunction was demonstrated in
8 of 44 asymptomatic seropositive individuals with normal
chest X rays and ECGs (199). During incremental or pro-
grammed atrial pacing, 14 patients demonstrated atrioven-
tricular node conduction disturbances. Eighteen of these
asymptomatic patients demonstrated repetitive ventricular
responses to single ventricular premature beats, showing an

FIG. 4. Chagas' cardiomyopathy. The heart is dilated and hyper-
trophied, and there is an apical aneurysm. Reprinted with permis-
sion of the Armed Forces Institute of Pathology.

early predisposition to ventricular arrhythmias, which is
consistent with the clinical impression that patients with
chronic cardiomyopathy are prone to ventricular arrhyth-
mias. Casado et al. (41) have suggested that chagasic pa-
tients with arrhythmias and left ventricular conduction de-
fects had the largest left ventricular volumes. Additionally,
their data suggest that during late-stage disease, when there
are several significant ECG abnormalities, there is an in-
crease in the left ventricular volume and a decrease in the
ejection fraction. However, it has been difficult to determine
which of the many electrophysiological abnormalities pre-
dict progression to severe cardiomyopathy.
Asymptomatic seropositive individuals often have left

ventricular abnormalities demonstrable by cineangiographic
and radionucleotide studies (15, 40). Forty percent of sero-
positive individuals without clinical, ECG, or radiological
evidence of heart disease demonstrated apical or anterior
apical asynergy, whereas 98% of seropositive individuals
with abnormal ECG findings demonstrated extensive asyn-
ergy, left ventricular dilatation, decreased distensibility, and
depressed contractility (40). Patients with both ECG abnor-
malities and heart failure were older, and their left ventricle
was dilated and hypokinetic, with large apical aneurysms
and thrombosis. This study also established that many
clinically asymptomatic individuals had myocardial dysfunc-
tion. An earlier autopsy study of more than 5,000 patients
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with Chagas' disease (182) demonstrated no relation be-
tween age, duration of disease, and presence of an aneu-
rysm. A similar study found that the incidence of abnormal
biopsies was greater in asymptomatic patients with abnormal
ECG or radiological findings. Myocardial hypertrophy and
fibrosis, but not inflammation, correlated best with the
severity of cardiac symptoms (194).
More recently, Guerra et al. (100) studied asymptomatic

individuals with normal ECGs and no hemodynamic or
cineangiographic evidence of heart disease and asympto-
matic individuals with normal ECGs but with evidence of
segmental myocardial damage demonstrated by cineangiog-
raphy. A 60% incidence of microscopic abnormalities was
seen in the former group, whereas alterations in the contrac-
tile system were more prominent in the latter group. Con-
sistent with microvascular involvement, extensive basement
membrane thickening was noted (79). Recently, de Paola et
al. (65) demonstrated the association between conduction
disturbances, angiographic evidence of left ventricular aneu-
rysms, and development of sustained ventricular arrhyth-
mias.

Echocardiographic studies (33, 48) have shown that 10 to
15% of asymptomatic individuals have apical dyskinesia.
Right ventricular aneurysms have been found by echocar-
diography to occur in 10% of cases. Echocardiography may
reveal thrombi at the apical aneurysm. Apical aneurysm in
asymptomatic seropositive individuals is rare. A study of
asymptomatic seropositive patients with and without abnor-
mal ECGs and chest X rays revealed significant abnormali-
ties in diastolic and systolic functions, including delayed
closure of the aortic valve, delayed opening of the mitral
valve, and prolonged isovolemic relaxation. Abnormalities
during isovolemic contraction and the early relaxation phase
were ascribed to asynchronous onset of contraction, not
dissimilar from what occurs in patients with ischemic heart
disease of other causes (3).

Collectively, these clinical studies suggest that Chagas'
cardiomyopathy results from a progressive, focal compro-
mise in the integrity of both the myocardium and the
conduction system. The association of right bundle branch
block, left anterior hemiblock, and left ventricular apical
aneurysm suggests that focal abnormalities may be region-
ally selective. Although inflammatory cells are associated
with myocytolysis, their variable presence and poor corre-
lation in biopsy studies make their etiologic role in patho-
genesis questionable.

AUTONOMIC NERVOUS SYSTEM IN
CHAGAS' DISEASE

The autonomic nervous system dysfunction associated
with T. crui infection has been studied in order to under-
stand the clinical manifestations of chronic disease (255).
The depletion of cardiac acetylcholine and choline acetyl-
transferase seen in experimental animals (146, 250) could
adversely affect parasympathetic nervous system function.
In this regard, it was recently reported that depolari-
zation-induced acetylcholine overflow was significantly
reduced in atria from T. cruzi-infected rats with electrocar-
diographically characterized cardiopathy (81).

Dysfunction of the autonomic nervous system led to the
hypothesis that Chagas' cardiomyopathy may be caused by
autonomic neuronal damage to the heart (101, 180, 183).
Results of studies demonstrating destruction of cardiac
ganglia also support this hypothesis (250); however, variabil-
ity (61) in the density of myocardial vagal ganglia has been

reported. Vagal denervation has been observed in dilated
cardiomyopathies of other causes (6); therefore, its associa-
tion with advanced Chagas' disease may not imply a primary
pathogenic role. Of note is that alterations in parasympa-
thetic function in seropositive patients antedate the onset of
clinically significant myocardial dysfunction (89). Abnormal-
ities in the sympathetic component of the autonomic nervous
system in chagasic patients, as reflected in the apparent
reduction in levels of plasma norepinephrine (112), and a
reduction in diastolic blood pressure in the upright position
have been reported.

MICROVASCULAR ETIOLOGY OF CHRONIC
CHAGAS' CARDIOMYOPATHY

The notion that the cardiomyopathy of Chagas' disease
may be the result of changes in the coronary microvascula-
ture is not new; recently it has received increasing attention
(75, 223). This mechanism is thought to be the case in
cardiomyopathies of other causes (76). Indeed, focal micro-
vascular spasm and microaneurysm formation during the
course of acute murine infection with T. cruzi have been
described (75). In infected mice, verapamil ameliorated the
pathological and biochemical alterations associated with
both acute and chronic infections. This was believed to be
partly due to an increased or sustained coronary perfusion
(170, 254). In addition, reports that platelet thrombi were
found within the coronary microvasculature of infected mice
led to investigations that might explain the compromise in
vascular perfusion that was observed. To this end, increased
platelet reactivity during acute infection, which could con-
tribute to platelet thrombosis, has been demonstrated (249).
A possible explanation for these observations is that the
interaction between platelets and damaged endothelium or
subendothelial surfaces can stimulate the activation of plate-
lets, with subsequent generation of thromboxane A2 and
possibly platelet-derived growth factor. Elevated levels of
thromboxane A2 in the plasma of acutely infected mice may
contribute to increased intravascular platelet aggregation
and focal microvascular spasm. In addition, during acute
infection, the parasitism of the endothelial cells lining the
coronary microvasculature may cause alterations in the
generation of intracellular second messengers that may
contribute to diminished microvasculature perfusion. Recent
studies by Marin-Neto et al. (149) on humans and those in
our laboratory on mice (253) demonstrated that in Chagas'
disease there is decreased cardiac perfusion.
Inflammatory cells may also contribute to a state of

microvascular hypoperfusion (280) by secretion of cytokines
and other factors known to influence platelets and endothe-
lial cells (see the section on immune mechanisms, above). In
addition, T. cruzi infection of endothelial cells results in
increased mRNA for IL-13 and IL-6 and a significant in-
crease in the synthesis of these vasoactive proteins (252). It
is likely that damage to the microcirculation leads to patho-
logical changes that are essentially identical to those seen in
diseases that involve primarily the coronary microcircula-
tion.

AUTOIMMUNE ASPECTS OF CHAGAS'
HEART DISEASE

Chronic chagasic cardiomyopathy is generally accompa-
nied by few if any organisms, which has engendered the
notion that the pathogenesis has an autoimmune etiology
(215, 227). This was originally based on the observation that
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an antibody that reacted with endothelium and vascular and
interstitial structures was present in sera of patients with
chagasic heart disease (54). However, this concept was
subsequently modified (119). Cardiac lesions following the
transfer of parasite-sensitized lymphocytes have been re-
ported (267), and lymphocytes from patients with Chagas'
disease destroyed normal heart cells (266). Moreover, spleen
cells from infected mice were cytotoxic for normal syngeneic
neonatal cardiac muscle (1). Recently, Rizzo et al. (218)
reported that CD4+ T cells from chronically infected mice
proliferate in response to myosin. A cross-reacting antibody
to a 25-kDa T. cnrzi polypeptide has been found in sera of
patients with primary muscle disease or advanced Chagas'
cardiomyopathy (228). Sadigursky et al. (225) reported a
cross-reacting antigen shared by T. cnuzi and muscle sarco-
plasma reticulum. Circulating antibodies to a variety of
antigens have also been reported. For example, Szarfman et
al. (246) have described antibodies to laminin and Mesri et
al. (158) recently found anti-P autoantibodies in patients with
Chagas' disease. Murine Chagas' disease has been associ-
ated with the presence of antiheart autoantibodies (152).
Recent observations suggest that autoimmunity is an impor-
tant mechanism in the rejection of syngeneic heart tissue
grafted into the pinna of the ear of chronically infected mice
(215). Histologically, these lesions were similar to those
found in humans, suggesting that autoimmunity may be an
important mechanism. Furthermore, these studies suggest
that CD4+ T cells play a major role in the production of these
lesions (215). However, the link between these various
observations and the pathogenesis of the lesions of chronic
Chagas' disease continues to be studied experimentally and
debated (61, 118, 121, 122, 172, 196, 197, 215, 243, 269, 274).

PATHOGENESIS OF NEUROLOGICAL
MANIFESTATIONS

The pathogenesis of the neurological manifestations asso-
ciated with Chagas' disease is still incompletely understood
(133). Both the peripheral (143) and central nervous systems
undergo various degrees of destruction during acute disease.
The autonomic nervous system is particularly vulnerable to
injury during this phase. The destruction of intracardiac
ganglia, as well as intrinsic myenteric neurons of the gastro-
intestinal tract, in experimental animals and humans has
been described (133).

Light and electron micrographic studies of the autonomic
nervous system in acute murine Chagas' disease clearly
demonstrate that Schwann cells and other supporting cells of
the autonomic ganglia undergo destruction. Koeberle (133)
has suggested that the destruction of nerve cells during acute
infection leads to neuropathies that are manifested later in
the illness. Although clinically inapparent, the greatest loss
of neurons occurs during acute infection; further neuronal
loss proceeds slowly over a prolonged period and leads to
clinical manifestations in some patients.
Many investigators have attempted to explain the exten-

sive neuronal destruction with limited or absent parasitism.
An early proposal held that the parasite elaborated a neuro-
toxin. The participation of immune mechanisms in neuronal
destruction has received much attention (120, 226). It has
been reported that denervation precedes the appearance of
anti-nerve cell immune response and that parasite antigens
can be adsorbed onto nerve cells, making the cells targets for
the anti-T. cnrzi immune response (214). Several monoclonal
antibodies have been reported to show cross-reactivity be-
tween parasite and neural tissue, and so it has been sug-

gested that demyelination of the peripheral nervous system
is due in part to immune mechanisms. The possible autoim-
mune nature of the neuropathological lesions continues to be
investigated (226). For example, there have been reports of
antibodies that cross-react with epitopes of T. cruzi and
mammalian neurological tissue, but the relationship of these
observations to human neuropathological changes has not
been established (198, 241, 274, 283).

Further studies of the pathogenesis of the neurological
consequences of infection have revealed neurochemical al-
terations. For example, the number of nicotinic acetylcho-
line receptors was increased and the acetyl cholinesterase
levels were decreased in tissues obtained from acutely
infected animals (31, 251). These data are consistent with the
phenomenon of denervation hypersensitivity noted in human
Chagas' disease.

CHRONIC GASTROINTESTINAL DISEASE

Chronic Chagas' disease is associated with a decrease in
Auerbach's and Meissner's plexuses. Additionally, there are
preganglionic lesions and a reduction in the number of dorsal
cells of the motor nucleus of the vagus. The preganglionic
losses are thought to be due to retrograde destruction
resulting from loss of neurons in the gut plexuses. Although
it is believed that most of the damage to the nervous system
occurs during acute infection, further neuronal loss occurs
slowly over an extended period (133). The development of
chronic gastrointestinal disease may take several decades,
and the determinants of progression are unknown. Koeberle
(133) has shown that colonic disease associated with Chagas'
disease is associated with a 50% loss of neurons and that
esophageal disease is associated with an 85% loss. In au-
topsy studies by Chapadeiro et al. (44), there was a 35%
incidence of megacolon or megaesophagus, and Barbara et
al. (19) reported a 5.8% incidence of cardiomyopathy and a
1% incidence of megacolon or megaesophagus in 15,000
autopsies in an area of endemicity.

Colon

The colon is frequently involved in patients with chronic
Chagas' disease (Fig. 5). Although the entire colon may be
enlarged, usually only sigmoid dilation is found (71, 255).
Constipation is a common presenting complaint (133). Some
patients experience little or no discomfort and seek medical
attention only because of complications such as sigmoid
volvulus, fecaloma with stercol ulceration, ulcer perforation
associated with peritonitis, or, rarely, primary perforation
without a previous ulcer (133). Symptomatic patients may
have motility disorders that antedate the radiological diag-
nosis of megacolon (70, 71). The colon increases in length
before it increases in diameter. Thickening of the circular
muscle layer (154) occurs early in the disease. In chagasic
patients with megacolon (70), there is a reduction in the
number of ganglia throughout the colon (133).

In patients with sigmoid megacolon, manometric studies
reveal complex waves, simultaneous contractions, and con-
traction waves of high amplitude and long duration (102).
Orderly peristaltic waves are not ordinarily found during
sigmoid manometric studies. Acetylcholinergic agents such
as mecholyl have been successfully used to determine gan-
glion cell loss, since denervated gut is hypersensitive and
contracts more vigorously than normal. Chagasic patients
with (153, 277) and without (239) megacolon are hypersen-
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FIG. 5. Megaesophagus (A) and megacolon (B) in a Brazilian woman. Reprinted from reference 255 with permission of S. Karger.

sitive to mecholyl but less so than patients with megaesoph-
agus, suggesting denervation hypersensitivity.

Colonic denervation has been used to study the effects of
a number of pharmacological agents and hormones. For
example, gastrin and pentagastrin stimulate colonic and
rectal motility in normal individuals (52, 240). Pentagastrin
has no effect on chagasic patients with megacolon but
stimulates motility in controls and chagasic patients without
megacolon (155), indicating that the effect is partly depen-
dent on the presence of an intact myenteric plexus. Chole-
cystokinin and infusion of intraduodenal amino acids stimu-
late motility in normal patients (67). This effect is inhibited
by naloxone but not atropine (209). These infusions have no
effect in chagasic patients with megacolon, suggesting that
the colonic myenteric plexus includes enkephalin-containing
neurons (145). Studies of rectal biopsy samples from patients
with Chagas' disease have shown reduced levels of sub-
stance P, vasoactive intestinal polypeptide, somatostatin,
and enterglucagon (141). These neurohumoral peptides do
not show reduced levels in patients with chronic autonomic
neuropathy (141), which is an abnormality of preganglionic
extrinsic nerves. However, the elaboration of these products
is neuronally mediated, and the decreases that have been
reported in patients with Chagas' disease are probably due to
a reduction in ganglion cells. These changes and the dimin-
ished level of enteroglucagon in affected patients suggest
that observed abnormalities in colonic function are due to
both denervation hypersensitivity and an imbalance of gut
hormones.

Esophagus

The myenteric plexus constitutes 5% of the total esopha-
geal mass (133), and neuron density varies along the length
of the esophagus, increasing from the level of the cricoid
cartilage to the midesophagus and maintaining this density to
the cardia. The aging process is associated with a decrease in
the number of ganglia. This may partially explain the tertiary
contractions, delayed emptying, moderate dilation, and al-
tered peristalsis associated with aging (242). Koeberle (133)
reported that ganglion counts from 40 autopsies of chagasic
patients with grossly normal esophaguses were lower than
counts in healthy controls. The data from motility studies on
patients with Chagas' disease have varied (94, 142, 162, 163,
276).

Patients with megaesophagus may have less than 95% of
the normal number of ganglia (133). The loss of neurons is
uniform along the length of the esophagus, including the
grossly normal abdominal portion of the esophagus. A
megaesophagus can reach 26 times its normal weight and
hold up to 2 liters of fluid (130). Histologically, there is
epithelial thickening with cornification, leukocytic infiltra-
tion (occasionally deep into the muscularis mucosa and
submucosa), and hypertrophy of the muscularis mucosa and
muscularis propria (131, 132, 201). The thickened mucosa
may have erosions and esophagitis as a result of stagnation.
There is a 10% incidence of squamous cell carcinoma of the
esophagus (35), perhaps related to chronic inflammation in
these patients.
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Megaesophagus may present with dysphagia, regurgita-
tion, odynophagia, eructation, fullness, and cough (34, 211-
213). In chagasic patients with megaesophagus, there is an
increased incidence of aspiration pneumonia and pulmonary
tuberculosis compared with patients with only cardiomyop-
athy (35). In one study, 50% of patients with megaesophagus
presented between ages 20 and 39 (212). Megaesophagus in a
neonate born with congenital Chagas' disease has been
reported (27).
Megaesophagus is accompanied by delayed emptying that

is secondary to dysfunction of the lower esophageal sphinc-
ter and the body of the esophagus. This may result in
retained material, causing dilation. Manometric studies of
asymptomatic chagasic patients (200) have demonstrated
that after initiation of a swallow, esophageal peristalsis
occurs more than 50% of the time and synchronous waves
occur more than 80% of the time. In symptomatic patients,
esophageal peristalsis follows initiation of swallowing ap-
proximately 20% of the time and synchronous waves occur
approximately 40% of the time. In patients with symptoms
and esophageal dilation, the lower esophageal sphincter
rarely relaxes with swallowing, whereas in those with symp-
toms and a nondilated esophagus, relaxation occurs follow-
ing 37% of swallows. In asymptomatic patients, the sphinc-
ter relaxes following 75 to 85% of initiated swallows
irrespective of the presence or absence of dilation. Pessoa
(195) has shown that in 50% of asymptomatic chagasic
patients, the lower esophageal sphincter fails to relax after
swallowing (132). Collectively, these data suggest that
esophageal body abnormalities can occur independently of
the lower esophageal sphincter dysfunction. The presence of
symptoms therefore appears to be associated with loss of
peristalsis and failure of sphincter relaxation, leading to
dilation. Studies of lower esophageal sphincter pressures in
patients with Chagas' disease have demonstrated variable
results (57, 60, 107, 162, 190, 191, 276). This contrasts with
the uniformly elevated lower esophageal sphincter pressures
in patients with idiopathic achalasia.

In patients with Chagas' disease, gastrin levels in plasma
are elevated (271) and the response of lower esophageal
sphincter pressure to glucagon is unchanged or diminished
(212). Both noncholinergic inhibitory and cholinergic excita-
tory nerve responses are impaired (58), and the lower
esophageal sphincter is hypersensitive to gastrin. Patients
with idiopathic achalasia have normal gastrin levels (46) and
a decreased sphincter response to glucagon (113). It has been
reported that there is an impaired response of noncholinergic
inhibitory nerves (69) and a normal response of cholinergic
excitatory nerves (47) and that the lower esophageal sphinc-
ter is hypersensitive to gastrin (52).
The treatment of megaesophagus consists of either sur-

gery or dilatation of the lower esophageal sphincter. Com-
parison of bouginage with pneumatic dilatation (204) dem-
onstrated pneumatic dilatation to be superior. If surgical
treatment fails, pneumatic dilatation is recommended. Nife-
dipine (59) and isosorbide dinitrite (60) reduced lower esoph-
ageal sphincter pressure in patients with Chagas' disease and
may be useful as medical therapy.

Stomach

Symptomatic gastric involvement in Chagas' disease is
rare (55), despite a significant reduction in the number of
ganglion cells. There is decreased gastric secretion (190) and
reduced acid and pepsin output in response to pentagastrin;
this may be corrected by bethanechol (189). Approximately

one-third of patients with gastrointestinal organomegaly and
one-third of patients with cardiomyopathy are achlorhydric
(86). Intragastric pressures in response to saline infusion,
which is a measure of gastric accommodation, are higher in
patients with Chagas' disease than in controls (43). This lack
of accommodation may explain the rapid emptying in pa-
tients with Chagas' disease, which is similar to that seen
after surgical vagotomy and underscores the fact that the
vagal pathway including the myenteric plexus is needed for
reservoir function.
There is an increased incidence of gastric ulcer, as well as

chronic superficial gastritis, in patients with Chagas' disease
(272). This may suggest duodenogastric reflux. However,
there are no reported differences between duodenogastric
reflux in patients with Chagas' disease and in controls, and
the increased incidence of gastric ulcer and gastritis in the
former group thus remains an enigma.

Small Intestine

Isolated small-intestinal dilation is uncommon (4). The
loss of ganglion cells in the duodenum of patients with
chronic Chagas' disease is common. Small-intestine transit
times are most often normal in patients with Chagas' dis-
ease, but they are increased in 32% of patients and decreased
in 4% (184). Small-intestine motility in chagasic patients with
and without organomegaly and in normal controls was
studied. The migrating motor complex was detected with
equal frequency in both groups, and the contraction fre-
quency during an activity front was also the same. Activity
front propagations were slower, their durations in the jeju-
num (but not the duodenum) were longer, and their calcu-
lated lengths were shorter in patients with chronic Chagas'
disease. This indicates that myenteric neurons and hormonal
factors are involved in normal migration of the migratory
complex (255).

Studies of intestinal absorption are limited. Chagasic
patients appear to have increased absorption of glucose,
galactose, and xylose. These disturbances are probably due
to rapid gastric emptying rather than to abnormalities in
small-intestine absorption, because glucose tolerance is nor-
mal after parenteral loading. In addition, fecal fat excretion
appears to be normal in chagasic patients (37, 38, 156, 157).

Gallbladder

Chagas' disease is associated with a 0.6% incidence of
megagallbladder (219). There is an increase in cholelithiasis
among patients with megaesophagus and megacolon (278).
Gallbladder contractility in response to cholecystokinin in
chagasic patients may be increased, normal, or decreased, a
situation similar to that in nonchagasic patients after vagot-
omy (50, 99). Sphincter of Oddi manometry in patients with
megaesophagus revealed elevated basal pressures and am-
plitude of contractions. After cholecystokinin infusion, there
was an increased pressure gradient between the common
bile duct and duodenum and decreased basal sphincter
pressures. "Mega" syndromes involving nongastrointestinal
organs, such as megaureter, have also been reported (133).

DIAGNOSIS

The diagnosis of acute T. cruzi infection is generally made
by detection of parasites. Active trypomastigotes frequently
can be seen by microscopic examination of fresh anticoagu-
lated blood or of the buffy coat. Parasites can also be seen on
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Giemsa-stained thin and thick blood smears. When organ-
isms cannot be detected by these approaches, one may
inoculate blood specimens or the buffy coat intraperitoneally
into mice and examine samples of their blood, obtained by
tail snips, microscopically every 2 to 3 days thereafter. Also,
blood and buffy coat specimens should be cultured in liquid
medium, and parasites may be observed microscopically in
such cultures after several weeks. When acute Chagas'
disease is suspected in an immunocompromised patient and
these methods fail to demonstrate the presence of T. cruzi,
additional tissue specimens should be examined. These
patients can pose a difficult diagnostic problem because they
may present with fulminant clinical disease and low para-
sitemias that cannot be readily detected. Surprisingly, para-
sites can sometimes be seen in atypical sites, such as
pericardial fluid, bone marrow, brain, skin, and lymph
nodes, and thus these tissues also should be investigated
when indicated (91, 97, 140, 244).
A last resort for the detection of acute T. cruzi is xenodi-

agnosis, a method in which several dozen laboratory-reared
reduviid bugs are fed blood from the person suspected of
having acute Chagas' disease. Then 30 to 40 days after the
blood meal, the bugs' intestinal contents are examined
microscopically for parasites. Although this procedure is
perhaps the most sensitive approach for diagnosing acute T.
cruzi infection, it is usually positive for only 50% of patients
with chronic Chagas' disease.
The diagnosis of chronic Chagas' disease is generally

based on detecting specific antibodies that bind to T. cruzi
antigens. A number of highly sensitive serological assays are
used in Latin America for detecting anti-T. cruzi antibodies,
such as the complement fixation and indirect immunofluo-
rescence tests and the enzyme-linked immunosorbent assay
(ELISA) (36). These and other conventional serologic assays
are used widely for clinical diagnosis and for screening
donated blood, as well as in epidemiological studies. The
occurrence of occasional false-positive reactions, however,
has been a persistent problem with these assays. Since
procedures for making a specific parasitological diagnosis
(xenodiagnosis or blood culture) are insensitive and labori-
ous and take several weeks to complete, a number of
research laboratories have tried to develop tests that would
have the sensitivity of the conventional assays and be highly
specific yet easy to perform. An assay based on the immu-
noprecipitation of radiolabeled protein antigens followed by
electrophoresis was found to be highly specific as well as
sensitive when used in a clinically and geographically di-
verse group of T. cnuzi-infected persons (128). Although this
complex test has not been adapted for use on large numbers
of serum samples, it is presently available as a confirmatory
assay in one of our laboratories (that of L.V.K.).
Taking another approach, several laboratories in recent

years have been performing DNA sequence determinations
on T. cruzi genes that code for antigenic proteins in an effort
to produce recombinant proteins and synthetic peptides that
could be used as targets in assays for anti-T. cruzi antibod-
ies. A sizable number of DNA sequences encoding proteins
that are specifically recognized by serum from T. cruzi-
infected patients have been reported, and in many cases,
these proteins have been evaluated in diagnostic assays (32,
135; reviewed in references 84, 85, and 160). An example of
such work is reported in a paper by Cotrim et al. (56), who
used human chagasic serum to isolate a fragment of a T.
cruzi gene that encodes a recombinant protein, designated
H49. In blots of phage plaques, H49 reacted with serum
samples from 115 chagasic patients but not with any of 70

comparison samples. These results, when taken together
with those reported by other investigators who used different
recombinant antigens, suggest that the general approach of
using recombinant proteins as targets in immunoassays for
T. cruzi infection may resolve the problem of false-positive
reactions that has persisted in the conventional assays, while
still maintaining high sensitivity.
The detection of chronic T. cruzi infection by testing for

parasite antigens in blood or urine has been under investi-
gation for several years. In a recent report describing work
in this area, Quaissi et al. (187) described the characteriza-
tion of an 85-kDa secretory antigen of T. cruzi found on the
surfaces of the mammalian stages of the parasite. Using a
monoclonal antibody that binds to this antigen, they devel-
oped an ELISA to detect the antigen in serum samples from
patients with Chagas' disease and controls. Unfortunately,
although mean levels of reactivity were much higher in the
serum samples from T. cruzi-infected persons than in sam-
ples from controls, the reactivities of 11 of the 80 Chagas'
disease samples tested were lower than the highest levels of
the comparison samples. These overlapping findings are
similar to those reported by Araujo et al. (14) more than a
decade ago and raise serious doubt about the usefulness of
this approach. The utility of parasite antigen detection in
urine has also been studied. It has been demonstrated that T.
cruzi antigens can readily be detected in urine from patients
with acute Chagas' disease (87), but more recent work
suggests that this method will not be useful for diagnosis of
patients with chronic T. cruzi infection (116).
The polymerase chain reaction (PCR) can be used as a

highly sensitive method for detecting microbial DNA, and it
would appear to be particularly suited for the task of
detecting the small numbers of parasites circulating in pa-
tients chronically infected with T. cruzi (73). Sturm et al.
(245) used a 120-bp region of the T. cruzi kinetoplast mini-
circle as a target for PCR amplification. When purified
parasite DNA was amplified, they were able to detect as
little as 0.1% of the genome of a single parasite, even in the
presence of a several billion-fold excess of human DNA.
Moreover, they detected as few as 10 parasites in 100 pl of
blood from an infected mouse. A more recent report from
the same laboratory (16) described technical refinements and
presented the positive results obtained with blood from five
patients known to be infected with T. cruzi. In a second
approach to using PCR to detect T. cruzi, Moser et al. (173)
amplified a 188-bp repetitive nuclear DNA sequence and
were able to detect as little as 0.05% of the DNA of a single
parasite. Moreover, eight parasites in 100 pl of mouse blood
were easily detected, and the presence of T. cruzi in the
intestinal contents and urine of infected reduviid bugs was
also demonstrated.
A decision regarding the usefulness of these two PCR-

based assays for routine detection of T. cruzi awaits their
evaluation in epidemiologic studies and in blood banks,
where both sensitivity and specificity are assessed by testing
sizable numbers of infected and uninfected persons. T. cruzi
parasitemias may in fact be intermittent in chronically in-
fected individuals, and this may limit the sensitivity of the
assays. Furthermore, PCR-based assays require processing
of blood samples and testing procedures that are consider-
ably more complicated than those required to perform sero-
logical assays. This factor, in addition to the potential
problem of false-positive reactions resulting from contami-
nation of samples with amplification products generated in
previous test runs, may be a major obstacle to the wide-
spread use of PCR for the diagnosis of T. cruzi infection,
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especially in the developing countries in which Chagas'
disease is endemic. The high sensitivity of the two PCR-
based assays described above suggests that they may be
useful for the diagnosis of acute and congenital T. cruzi
infections (18, 26), but these applications have not been
studied. Recently, Reyes et al. (210) have reported another
assay to aid in the diagnosis of congenital Chagas' disease,
based on fetal IgG.

TREATMENT

The treatment of T. cruzi infection is problematic, since
the protozoan is not susceptible to most of the drugs tested
for activity, including those effective against the African
trypanosomes and other protozoans (150). Nifurtimox
(Lampit; Bayer 2502) and benznidazole (Radamil; Roche
7-1051), the two drugs available for treating T. cnrzi, effec-
tively reduce the severity of acute Chagas' disease but have
no role in the therapy of chronic infections. Both must be
taken for extended periods and may cause severe side
effects. In addition, many patients given full courses of
treatment are not cured parasitologically. Additional con-
cern has been raised by studies reported by Teixeira et al.
(264, 265), in which 42% of rabbits receiving benznidazole
and 33% of rabbits receiving nifurtimox developed widely
invasive lymphomas, whereas none of the control animals
developed tumors. These findings should be a source of
concern, but they should be viewed from the perspective
that both drugs have been used widely for several decades in
Latin America and reports of an increased frequency of
lymphomas in treated patients have not appeared.
A study involving allopurinol treatment of patients with

chronic Chagas' disease has been reported. Allopurinol, an
inhibitor of hypoxanthine oxidase, is active against T. cnszi
in mammalian cell cultures and in mice (17). It was as
effective as benznidazole and nifurtimox in suppressing T.
cnuzi parasitemias, as measured by xenodiagnosis, and in
causing conventional serological tests to become negative
(88). The advantage of allopurinol would be its relative lack
of side effects. However, the open, nonrandomized study
structure used and the lack of clearly defined criteria for
parasitological cure of T. cnrzi infection make interpretation
of the findings of this study difficult.

Efforts at identifying and developing new drugs for treat-
ing T. cruzi infections continue in a small number of labora-
tories. The anti-T. cnrzi activity of several inhibitors of
bacterial topoisomerases has been studied in vivo (95a).
Marked inhibition of parasite proliferation and differentia-
tion was caused by several drugs in this class, suggesting
that T. cruzi has an enzyme similar to the topoisomerase II of
bacteria, thus opening a new avenue in the search for an
effective and nontoxic agent for the treatment of T. cnrzi.
Subsequent work by some of the authors of this latter study
resulted in the molecular cloning of a protein in T. cruzi that
has an 80% amino acid identity with topoisomerase II of
Trypanosoma brucei (82).

TRANSFUSION-ASSOCIATED TRANSMISSION
OF T. CRUZI INFECTION

Transmission of T. cnrzi by transfusion of blood donated
by asymptomatic persons who harbor the parasite is a major
public health problem in many countries where the disease is
endemic (234). The problem has been exacerbated in recent
years because of political turmoil and economic hardships
that have resulted in large-scale migrations of persons at

risk. The epidemiology of chronic T. cnzai infection in the
United States has changed markedly in the past 15 years
because of this phenomenon. During this period, several
million people have entered the country from Central and
South America, regions with a high prevalence of T. cnrzi
infection (234). In a study done in Washington, D.C., in
1985, 4.9% of Nicaraguan and Salvadoran immigrants were
infected with T. cruzi, suggesting that there may be more
than 50,000 infected people living in the United States (127).
The presence of these infected individuals raises a number of
important public health issues, including the risk of trans-
mission of the parasite by blood transfusion (125). Evidence
of this risk was provided in recent studies carried out in a
Los Angeles blood bank, in which approximately 1 in 1,000
prospective donors was found to be infected (13, 117).

Furthermore, the reality of the risk of transfusion-associ-
ated transmission of T. cnuzi in countries in which the
parasite is not endemic was highlighted by the occurrence of
three cases of acute Chagas' disease in immunosuppressed
patients who received blood from donors who were unaware
of being infected with T. cnrzi (91, 97, 177). The courses of
the illnesses in these patients were particularly fulminant
because of the immunosuppression, and this probably con-
tributed to the detection of T. cnrzi. This suggests that other
cases of transfusion-associated transmission of T. cnszi are
occurring in the United States but are not recognized be-
cause the courses of illness are more benign.
The question of how to reduce the risk of transmission of

T. cruzi in U.S. blood banks is complex. Widespread sero-
logical screening of donated units would undoubtedly result
in large numbers of false-positive reactions, since the overall
prevalence of T. cnuzi infection is low. Moreover, there is no
commercially available test approved for use in the United
States that has acceptable levels of sensitivity and specific-
ity. Thus, the most prudent course at this time would be not
to accept blood donations from persons who have lived
under conditions in which transmission could have occurred
in countries in which the parasite is endemic. Such a policy
of donor deferral would have a negligible effect on the blood
supply in most areas and would virtually eliminate the risk of
transfusion-associated transmission of T. cnuzi.

IMMUNOSUPPRESSION AND TRANSPLANTATION

For many years, it has been known that immunosuppres-
sion of experimental animals (8) and patients who chroni-
cally carry T. cruzi can lead to recrudescence of the disease.
The incidence of reactivation of infection in immunosup-
pressed persons is not known, and articles describing both
its absence (20) and its occurrence (134, 137, 161, 217, 244)
have been published. In view of the chance of acute reacti-
vation of T. cnuzi, patients who are at risk of being infected
and for whom immunosuppressive treatment is being
planned, as either primary or posttransplantation therapy,
should undergo serological testing and, if positive, should be
monitored closely while immunosuppressed for evidence of
reactivation. Several recent reports of reactivation of T.
cnuzi infection in human immunodeficiency virus-infected
patients have appeared (63, 80, 93, 220). Interestingly, all of
these patients developed cerebral lesions, which are rarely
seen in immunocompetent patients with chronic T. cruzi
infections.

Finally, more than a dozen patients with end-stage cha-
gasic heart disease have undergone cardiac transplantation
in Brazil (244), and the procedure has been done in a handful
of chagasic patients in the United States as well (140). Not
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surprisingly, given the intensity of postoperative immuno-
suppression needed after heart transplantation, reactivation
of T. crui infection occurred in the majority of these
patients, often with severe consequences. Since the number
of hearts available for transplantation is only a small per-
centage of the number of potential recipients, T. cruzi
infection should be considered a contraindication for heart
transplantation because of the likelihood of serious post-
transplant complications related to reactivation of the para-
sitosis.

CONCLUSION

It has now been almost a century since Chagas' disease
was first described. Despite the advances made on various
aspects of this disease, there is still a lack of reliable
therapeutic or prophylactic agents.
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